ABSTRACT Most of the middle repetitive DNA of Drosophila melanogaster appears to be organized into families of 10-100 repeated elements that are found at scattered locations in the chromosome arms and occupy new chromosomal positions as populations of D. melanogaster diverge. These "nomadic" DNA segments can be identified by an analysis of cDm plasmids, hybrids of ColEl and segments of randomly sheared D. melanogaster DNA. Eighty cDm plasmids were withdrawn, at random, from a library of approximately 17,000 cDm clones. Fifty-seven of these seem to contain either DNA that is not repeated in the D. melanogaster genome or DNA that has a low repetition frequency. The remaining 23 cDm plasmids contain repetitive sequences. Seventeen of these 23 plasmids contain repetitive sequences that are demonstrably scattered to many chromosomal sites that can be mapped in two D. melanogaster strains, g-1 and g-X1. The repeated elements hybridizing with each of the different Dm segments are at quite different chromosomal locations in these two strains. However, the size of each family of repeated sequences remains fairly constant in both strains. It is proposed gat the number of elements in each family has been Fixed by selection.
10-100 repeated elements that are found at scattered locations in the chromosome arms and occupy new chromosomal positions as populations of D. melanogaster diverge. These "nomadic" DNA segments can be identified by an analysis of cDm plasmids, hybrids of ColEl and segments of randomly sheared D. melanogaster DNA. Eighty cDm plasmids were withdrawn, at random, from a library of approximately 17,000 cDm clones. Fifty-seven of these seem to contain either DNA that is not repeated in the D. melanogaster genome or DNA that has a low repetition frequency. The remaining 23 cDm plasmids contain repetitive sequences. Seventeen of these 23 plasmids contain repetitive sequences that are demonstrably scattered to many chromosomal sites that can be mapped in two D. melanogaster strains, g-1 and g-X1. The repeated elements hybridizing with each of the different Dm segments are at quite different chromosomal locations in these two strains. However, the size of each family of repeated sequences remains fairly constant in both strains. It is proposed gat the number of elements in each family has been Fixed by selection.
The genome of Drosophila melanogaster can be broadly separated into three components by reassociation kinetics. The largest component is nonrepetitious DNA. The remainder, one-third of the nuclear DNA, is reiterated and can be further subdivided into sequences that are either highly repetitive, with an average reiteration frequency of about 24,000, or middle repetitive, having an average reiteration frequency of between 35 and 100 (1, 2) . These two classes of repetitive DNA compose 19% (3) and 16-17% (calculated from refs. 2 and 3) of the genomic DNA, respectively. Recently, eight families of middle repetitive genes have been described. Each is composed of elements that are arranged as dispersed rather than tandem repeats. Five of these families code for abundant poly(A)-containing RNAs, which allowed their initial isolation (4) (5) (6) (7) (8) (9) (10) (11) . The remaining three families were recognized in a "chromosomal walk" through 360 kilobases (kb) of DNA from the 87E region of the Drosophila genome (12) . A remarkable property that is shared by all eight families is that quite different patterns of dispersion are seen when the chromosomal arrangements of these repeated sequences are examined in genetically isolated laboratory stocks or noninterbreeding wild-type populations of D. melanogaster (7) (8) (9) (10) (11) (12) .
From the data presented in this paper we can conclude that the striking rearrangement of the elements of these repeated gene families is not a curiosity limited to a minute fraction of the Drosophila genome; rather, variability of position is a property common to most of the middle repetitive DNA. We also present evidence that the number of repeating elements in each family is maintained notwithstanding this variability of position. To simplify this presentation, DNA segments that seem to wander to new chromosomal locations as Drosophila populations diverge will be referred to as "nomadic."
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MATERIALS AND METHODS Nucleic Acid Preparation. The cDm plasmids consist of segments of randomly sheared Drosophila DNA (Dm segments), strain Oregon R, inserted into the colicinogenic plasmid ColEl. The cDm plasmids used in this study were randomly chosen from a library of approximately 17,000 hybrid plasmids.
The construction of this library will be described in detail elsewhere (D. J. Finnegan, G. M. Rubin, D. J. Bower, and D. S. Hogness, unpublished). Briefly, Dm segments were prepared for cloning by shear breakage of Oregon R embryonic nuclear DNA and inserted at the restriction endonuclease EcoRI site of ColEl (13) by the poly(dA)-poly(dT) method of Wensink et al. (14) . The resulting hybrid DNAs were then cloned by transformation of Escherichia coli K-12, strain HB101, to colicin El immunity (15) . Plasmid DNAs were isolated as described by Finnegan, Rubin, Bower, and Hogness (personal communication). Plasmid DNAs were transcribed in vitro with E. coll RNA polymerase, as described by Wensink et al. (14) . Restriction endonuclease digests and agarose gel electrophoreses were carried out as described by Finnegan et al. (6) . The D. melanogaster Oregon R embryonic DNA used in RNA-DNA filter hybridizations was prepared according to the method of Laird and McCarthy (16) with the exception that RNA was removed from these DNA preparations by sifting through a column of controlled-pore glass beads (Electro-Nucleonics, Fairfield, NJ, CPG-10).
Hybridization Procedures. Hybridizations of [32P]cRNA to denatured restriction fragments that had been transferred from agarose gels to nitrocellulose 6trips by Southern's blotting procedure (17) were carried out als escribed (5) . The method that was used to hybridize [3H]ctNA probes to polytene chromosomes has also been described (14) .
Enzymes. Health Guidelines for Recombinant DNA Research, were used.
RESULTS
Identification of cDm Plasmids that Carry Middle Repetitive DNA. Eighty colicin-resistant colonies, each carrying an independently cloned ColE1-Drosophila DNA hybrid plasmid (cDm plasmid) were selected at random from a library of several thousand clones. cDm plasmids carrying middle repetitive DNA can be identified within this collection by a general procedure in which cDm plasmid sequences are hybridized to total genomic DNA. In this procedure, the genomic DNA is prepared in two forms. For initial analysis, embryonic DNA is digested to completion with a restriction endonuclease, in these experiments EcoRI, and the resulting fragments are separated according to length by agarose gel electrophoresis. After denaturation and transfer of the fragment strands to a nitrocellulose membrane by Southern's blotting technique (17) , they are hybridized with a 32P-labeled probe prepared by in vitro transcription of cDm plasmid DNA. As an illustration of this procedure, the results of 3 of. 80 hybridizations, each involving total genomic DNA and a single cDm plasmid sequence, are shown in Fig. 1 . cDm2026 is a hybrid plasmid that carries 14 kb of Drosophila DNA. Fig. 1 , lane a shows that cDm2026 sequences hybridize weakly to restriction fragments of only four or five lengths in EcoRI-digested total genomic DNA. In contrast, both cDm2017, which carries only 6.5 kb of Drosophila DNA, and cDm2015 (11.5 kb long) hybridize intensely to the genomic digest. Further, cDm2015 shows at least 12 bands of hybridization that represent a total length of DNA (>40 kb) greatly exceeding that of the Drosophila sequences cloned in cDm2O15. Clearly, sequences found in Dm2017 and Dm2015 are more abundantly represented in the Drosophila genome than are those found in Dm2026. As a result of this analysis we conclude that Dm2017 and Dm2015 carry repeated DNA, whereas the sequences found in Dm2026 may be entirely nonrepetitive.
As a complement to the experiments described above, the salivary gland polytene chromosomes of two laboratory stocks of D. melanogaster, g-1 and g-X1 1, were prepared for in situ hybridization to each of the 80 cDm plasmids. Fig. 2 a and scribed from cDm2026 was hybridized with polytene chromosomes from g-1 (a) and g-X11 (b). Dm2017 sequences were hybridized to g-1 (c) and g-X11 (d), and Dm2015 sequences were hybridized to g-1 (e) and g-X11 (f). The number and letter designations appearing in each photomicrograph refer to the chromosomal regions mapped by Bridges (19) . In c and d, C indicates chromocenter. d also shows labeling of the nucleolus. Exposure time was 60 days for each experiment.
Biochemistry: Young positions after in situ hybridization, the chromocen'ter and nucleolus ( Fig. 2 c and d) . (Fig. 3) . Table 1 shows that although wide variations in repetitionfrequency occur among nomadic families, the number of chromosomal sites occupied by a single nomadic sequence is Table 2 . Chromosomal localization of Dm2054, Dm2068, and Dm2074 in situ hybridization sites
In addition to the sites given, each of these Dm sequences is found at the chromocenters of both strains. Dm2068 is unique among our cloned nomadic sequences in that it also hybridizes, lightly, to the nucleoli of these strains. Evidence has been presented that the number of repeated elements forming each nomadic family is much the same in D. melanogaster strain g-1 and strain g-X11. This is true even though the chromosomal positions occupied by the elements of a single nomadic family are different in the two strains (Tables 1 and 2 and Results). Fig. 3 depicts the tendency for the size of each family to be the same in both strains. For each family the number of in situ hybridization sites in g-1 is plotted as a function of number of sites in g-X11. The There is a more direct test that can be used to measure any mechanism controlling family size, or more importantly, the functional significance of these families. Because the chromosomal positions occupied by a family of repeated sequences are relatively stable within a small inbreeding laboratory stock (unpublished data), it should be possible to drastically change the size of bne of these families by recombination between strains. For example, one might attempt to construct, by recombination, a new D. melanogaster strain from strains g-1 and g-X11. In this case the number of Dm2068 elements occupying the chromosome arms could be reduced from 23 and 20 members to 4 (Table 2 ). Our ability to form and maintain a strain of this sort will depend upon the importance of the family of repeated sequences and should reveal the strength of any mechanism controlling dosage.
